This study was computationally investigated how DME autoignition reactivity is affected by EGR and intakepressure boost over various engine speed. CHEMKIN-PRO was used as a solver. Autoignition reactivity was mainly studied using contribution matrix. Investigations concentrate on their effects on variations of autoignition characteristics in-detail including reaction rates of dominant reactions. EGR addition results the increase of the burn duration by lowering reaction rates. Combustion timings were very sensitive to boost pressure which enhances the reactivity of intermediate species but burn durations dominantly rely on the EGR addition. Also, high engine speed under EGR addition increases the burn duration greatly. Finally, substantial reduction of peak PRR by controlling LTHR can be obtained through the combination of EGR and boost pressure over engine speeds at high load operation.
Introduction
Homogeneous charge compression ignition (HCCI) engine is named as the candidate of next generation internal combustion engine with the high efficiency and the very low emissions. However, controlling the rate of energy release and ringing at high loads have been main problems [1] . Therefore, use of cooled EGR was found to slow down combustion and more expand the high load limit but too much amount of it reduces the power output and increases the unburned hydrocarbon (HC) and carbon monoxide (CO) emissions [2] . Intake-pressure boost which enhances the autoignition reactivity of the mixture has been used to increase the load range [3] . The fundamental mechanism of EGR with wide ranges of operating parameters on HCCI combustion have to elucidate in-detail for chemical kinetics.
The objective of this study is computationally investigate the effects of EGR and boost pressure over engine speeds on di-methyl ether (DME) HCCI combustion. "Contribution matrix to heat release" of important elementary reactions are plotted to identify the underlying mechanism.
Computational Approach
The computational study was conducted using the single-zone model in CHEMKIN-PRO [4] . Compression/expansion was modeled according to the standard slider-crank relationship [5] , using the single-cylinder HCCI engine with compression ratio of 14.5 and displacement of 498 cc. The calculation starts from the intake valve close (IVC) of 136 o bTDC to the exhaust valve open (EVO) of 125.4 o aTDC. DME was used as a fuel [6] due to its good behavior of autoignition and sootless combustion [7] . The molecular ratio of air was as follows N2:O2:Ar=78:21:1, and the EGR gas was composed from CO2 and H2O. No attempt is made to capture the carbon monoxide (CO) and hydrocarbons (HC). An oxidation process of DME is composed of four ranges as cool-flame, negative temperature coefficient (NTC), thermal ignition preparation (TIP) and thermal-ignition (TI) range [8] . The beginning of TI was happened around 1100K for this study. The misfire can be judged when reaching the maximum temperature below 1100K [9] . The timing when HRR returns to 99% of total heat release is considered as the end of HTHR. Dominant reactions in autoignition were divided as fuel series, H2O2 loop and hydrogen-oxygen (H2O2) system reactions [8] . Fuel series reactions are initiated by the primary (287) and secondary O2 addition reaction(295) which are CH3OCH2+O2 <=> CH3OCH2O2 (287) and CH2OCH2O2H+O2 <=> O2CH2OCH2O2H (295). The transition from the cool-flame to the NTC is controlled by the competition of reaction 295 to generate 2OH in consequence, and the decomposition reaction CH2OCH2O2H=>OH+2CH2O (294) to generate OH. H2O2 loop reactions play important role in the initiation of TI, which begins at 950K and are the transition from the NTC range to the TIP range. H2O2+ M <=> 2OH+M (51), OH+CH2O<=>HCO+H2O (32), HCO+O2 <=> CO+HO2 (46) and 2HO2<=> H2O2+O2 (50). Among the loop reactions, rate of reaction(51) solely increases during the increase of temperature at beginning of NTC range. The role of TIP reactions is to increase the temperature to initiate the TI. TI initiates when H+O2 <=> O+OH (8) prevails H+O2(M) <=> HO2(+M) (26) above 1500K.
Autoignition process can be simplified by the extracting important reactions from detailed chemical kinetics mechanisms using "contribution matrix to heat release" [8] as shown in Eq.1. (1) Here, CHR j,Tt is the contribution ratio of j th elementary reaction to heat release at a transient temperature T t . HR j,Tt is the heat release rate by the j th elementary reaction at T t . This study utilized the data for the value of contribution ratio to heat release of important elementary reactions above 3% at T t .
Results
To investigate the fundamentals of EGR and intake-pressure boost over engine speeds, and their correlation on HCCI combustion, influence of EGR was compared between 0.1MPa and 0.2MPa on 1200 rpm and 2100rpm. CA50 was adjusted at the 5 o CA aTDC since later combustion phasing from high amount of EGR results the lower power output with HC and CO emissions. Figure 1(a) shows the required intake temperatures for constant phasing and the effects of EGR and engine speed as a function of intake-pressure on the reduction of PRR. Intake temperature can be reduced greatly by boosting even at EGR addition while the increase of engine speed requires higher intake temperature. Figure 1(b) the absolute heat release along with process temperature for above mentioned operation at 0.2MPa. Tendency of HRR was similar with PRR. Therefore, no EGR and EGR addition at 0.2MPa and 2100rpm were selected for comparison. Hence, the mechanism of this phenomena was studied in viewpoint of chemical kinetics, was shown in Figure 1(c) . In fuel series reactions, reaction rate of primary O2 addition reaction was higher than other reactions involved in. For no EGR case, the decomposition reaction (294) prevailed the secondary O2 addition reaction around 870K due to gradual increase of forward reaction rate. All the rates of reactions were dropped after their peaks around 930K and NTC was ended at 1007K. For EGR case, reaction 294 crossed the reaction 295 at lower temperature by generating smaller amount of heat due to lower reaction rates. Therefore, NTC was ended by 50K lower temperature than that of no EGR case. For TIP and TI, HRR of H2O2 decomposition reaction was higher than other reactions in H2O2 loop. HRR of reactions in loop was intensive at no EGR case due to higher forward reaction rate. However, HRR of these reactions for EGR case were weakened around 1300K due to reduced forward rates of them. It was thought that the reason of lengthened burning duration of TIP. Due to low temperature occurrence of TI for EGR, HRRs of reactions were lower than no EGR case. Therefore, the difference of end temperature of TI was 160K. Forward rate of H2O2 decomposition reaction was gradually increased during the TI which is the main contributor to TI. During the process, chain branching reaction prevails the HO2 recombination process in no EGR operation, which was considered as the initiation of thermal ignition by some authors. However, there was no such process for EGR case even in-cylinder temperature was more than 2000K. Therefore, authors did not agree that there was no TI. Moreover, there is a sufficient condition that there is TI since combustion temperature is such high enough.
Conclusions
A computational study on the effects of EGR and boost pressure for DME HCCI combustion over engine speed was conducted to investigate the its autoignition mechanism.
EGR addition requires the increase of intake temperature which leads to the increased start temperature of cool flame but NTC occurrence temperature was lower than no EGR case. This was caused from the lower reaction rate of decomposition reaction (294) for EGR which was terminated at lower temperature than no EGR. Therefore, duration of TIP was longer due to slowed down with lower reaction rates of (51). EGR addition under boosting lowers the LTHR and lengthens the TIP range which lead to substantial reduction of in-cylinder temperature and HRR through reduced reaction rates. EGR with higher engine speed increases the intake temperature and burn duration where NTC, TIP and TI ranges were lengthened evidently due to much reduced reaction rates of dominant elementary reactions involved in autoignition. Therefore, it was concluded that DME HCCI combustion can be controlled through the realization of autoignition mechanism under the combination of EGR and boosting operation over engine speeds.
